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Clinical PerspectiveWhat Is New?Wildfire smoke exposure was associated with increased risk of out‐of‐hospital cardiac arrest.The effect appeared greater for cases of out‐of‐hospital cardiac arrest in lower socioeconomic communities.Out‐of‐hospital cardiac arrest has not been previously examined in the United States, and this outcome would not be included in wildfire studies based on emergency department visits or hospital admissions.What Are the Clinical Implications?Smoke exposures from wildfires likely have the potential to trigger fatal and near‐fatal cardiac arrest.Risk was the highest on dense smoke days and the effects persisted for several days following the exposure.Healthcare professionals and emergency medical service responders may benefit from awareness of these results to counsel patients at increased risk from the adverse health effects of poor air quality and in particular wildfire smoke on ways to limit exposure.

Introduction {#jah34908-sec-0008}
============

A century of accumulated forest biomass in combination with changes in climate and forest health are accelerating the natural cycle of large‐scale wildfires, exposing increasingly large populations to wildfire emissions and thereby creating the potential for smoke‐related adverse health outcomes.[1](#jah34908-bib-0001){ref-type="ref"}, [2](#jah34908-bib-0002){ref-type="ref"}, [3](#jah34908-bib-0003){ref-type="ref"} An estimated 57 million individuals were exposed to at least 1 episode of wildfire smoke in the United States between 2004 and 2009, and it is predicted that the number of individuals exposed yearly will grow 43% to over 82 million by midcentury.[4](#jah34908-bib-0004){ref-type="ref"}

Wildfires produce massive quantities of emissions, including fine and coarse particulate matter (PM), carbon monoxide, methane, nitrous oxide, nitrogen oxides, volatile organic carbon, metals, and other toxins.[5](#jah34908-bib-0005){ref-type="ref"}, [6](#jah34908-bib-0006){ref-type="ref"} During wildfire events, air concentrations of PM can substantially exceed regulatory air quality standards[7](#jah34908-bib-0007){ref-type="ref"}, [8](#jah34908-bib-0008){ref-type="ref"}, [9](#jah34908-bib-0009){ref-type="ref"}, [10](#jah34908-bib-0010){ref-type="ref"} and can travel hundreds of miles to impact highly populated areas distant from the original fire.[11](#jah34908-bib-0011){ref-type="ref"}, [12](#jah34908-bib-0012){ref-type="ref"}, [13](#jah34908-bib-0013){ref-type="ref"} Emissions from wildfires also contribute significantly to the burden of ambient air pollution,[1](#jah34908-bib-0001){ref-type="ref"}, [5](#jah34908-bib-0005){ref-type="ref"} accounting for ≈15% to 20% of total fine PM (PM~2.5~) in the United States over the past decade.[14](#jah34908-bib-0014){ref-type="ref"}

Epidemiological studies of short‐ and long‐term air pollution exposures have consistently demonstrated associations between ambient PM~2.5~ and cardiovascular‐related morbidity and mortality, including ischemic heart disease and heart failure,[15](#jah34908-bib-0015){ref-type="ref"}, [16](#jah34908-bib-0016){ref-type="ref"}, [17](#jah34908-bib-0017){ref-type="ref"} myocardial infarction,[18](#jah34908-bib-0018){ref-type="ref"} stroke,[19](#jah34908-bib-0019){ref-type="ref"}, [20](#jah34908-bib-0020){ref-type="ref"}, [21](#jah34908-bib-0021){ref-type="ref"}, [22](#jah34908-bib-0022){ref-type="ref"} and arrhythmias.[23](#jah34908-bib-0023){ref-type="ref"} Despite these known causal relationships, evidence from epidemiological studies examining wildfire smoke exposures and cardiovascular outcomes has been mixed and inconclusive.[24](#jah34908-bib-0024){ref-type="ref"}, [25](#jah34908-bib-0025){ref-type="ref"} In a critical review, Reid et al[25](#jah34908-bib-0025){ref-type="ref"} examined 66 epidemiological studies of wildfires and health effects. While they found consistent associations with respiratory outcomes, only 18 studies evaluated cardiovascular outcomes and less than a fourth of the analyses identified a statistically significant relationship. More recently, however, several studies have identified positive associations with cardiovascular end points.[11](#jah34908-bib-0011){ref-type="ref"}, [26](#jah34908-bib-0026){ref-type="ref"}, [27](#jah34908-bib-0027){ref-type="ref"}, [28](#jah34908-bib-0028){ref-type="ref"}, [29](#jah34908-bib-0029){ref-type="ref"}, [30](#jah34908-bib-0030){ref-type="ref"}

While respiratory conditions are prevalent and can be life‐threatening, cardiovascular diseases contribute to a substantial public health burden, affecting 1 in 3 adults in the United States, an estimated 92 million individuals, and resulting in an annual economic cost of \$316 billion for direct and indirect costs.[31](#jah34908-bib-0031){ref-type="ref"} Out‐of‐hospital cardiac arrest (OHCA) represents a significant component of adverse cardiovascular events and is a leading cause of death among Americans.[32](#jah34908-bib-0032){ref-type="ref"} Over 300 000 people in the United States experience OHCAs annually and 92% of these events result in sudden death.[33](#jah34908-bib-0033){ref-type="ref"}, [34](#jah34908-bib-0034){ref-type="ref"} In this context, greater clarity on inconsistencies in cardiovascular‐wildfire smoke research is urgently needed to provide appropriate, evidence‐based public health guidance, particularly to patients with underlying cardiovascular conditions.

Previous studies of wildfire smoke exposures and cardiovascular health have primarily relied on data from hospital admissions and emergency department visits.[24](#jah34908-bib-0024){ref-type="ref"}, [25](#jah34908-bib-0025){ref-type="ref"} However, hospitalization data do not capture all clinical events, as ≈70% of emergency medical service (EMS)--treated OHCA cases do not survive to hospital admission.[34](#jah34908-bib-0034){ref-type="ref"} OHCA is an outcome that has only been examined in a few studies. A research group in Australia using a different OHCA measure examined a severe wildfire season in 2006--2007 in 2 analyses.[35](#jah34908-bib-0035){ref-type="ref"}, [36](#jah34908-bib-0036){ref-type="ref"} Researchers in Singapore also studied OHCA, but used a composite, multicontaminant measure of ambient air pollution rather than wildfire smoke or PM specifically; air quality in Singapore is regional and influenced by haze drifting from illegal agricultural burning in neighboring islands.[27](#jah34908-bib-0027){ref-type="ref"}, [37](#jah34908-bib-0037){ref-type="ref"}, [38](#jah34908-bib-0038){ref-type="ref"} These OHCA investigations are among the limited number of epidemiological studies of biomass smoke demonstrating a relationship with a cardiovascular outcome. To the authors' knowledge, this is the first study to examine OHCA and wildfire smoke in the United States.

Our study investigated OHCA and wildfire smoke exposures in 14 climatically and demographically diverse California counties from 2015 to 2017 in order to advance our understanding of the relationship between wildfire smoke and cardiovascular health. The specific aims of our study were to investigate the impact of wildfire‐related PM~2.5~ on OHCA and to characterize these relationships within subpopulations by age, sex, and socioeconomic status (SES).

Methods {#jah34908-sec-0009}
=======

Data Accessibility {#jah34908-sec-0010}
------------------

Because of the sensitive nature of the data collected for this study, requests to access the CARES (Cardiac Arrest Registry to Enhance Survival) data set from qualified researchers meeting the CARES data use criteria may be sent to CARES at <cares@emory.edu>. All exposure data have been made publicly available at the National Oceanic and Atmospheric Administration\'s (NOAA\'s) Hazard Mapping System (HMS) Archive and can be accessed at <https://satepsanone.nesdis.noaa.gov/pub/volcano/FIRE/HMS_ARCHIVE/>.

Health and Population Data {#jah34908-sec-0011}
--------------------------

Reports of OHCA from January 1, 2015, to December 31, 2017, were provided by CARES, a surveillance data set from EMS and hospital providers designed to improve survival. In 2004, the Centers for Disease Control and Prevention (CDC) established CARES in collaboration with the Department of Emergency Medicine at the Emory University School of Medicine. CARES is operated on a national scale in 42 states, with a catchment of more than 130 million people.[39](#jah34908-bib-0039){ref-type="ref"} CARES collects reports of OHCAs treated by EMS, excluding patients dead on EMS arrival to the scene or with do‐not‐resuscitate directives. Incident reports, including demographic, medical, and survival outcome data, are informed by EMS assessments and bystander reports and hospital outcome measures.

We obtained local permissions for receiving deidentified data from 14 California counties participating in CARES during 2015--2017 with wildfires of large size (≥50 000 acres burned) or long duration (≥50 days) within or neighboring the county during the study period: Alameda, Amador, Calaveras, Contra Costa, Mariposa, Mendocino, Napa, San Francisco, San Luis Obispo, San Mateo, Santa Barbara, Sonoma, Stanislaus, and Ventura Counties. Two counties only participated in CARES during part of the study period (Alameda County, 2016--2017; San Luis Obispo County, 2017). Counties encompass urban and rural areas across Northern, Central, and Southern California (Figure [1](#jah34908-fig-0001){ref-type="fig"}).

![Map of the 14 California counties in the study region showing the number of smoke days in each county, 2015--2017, based on the National Oceanic and Atmospheric Administration\'s Hazard Mapping System wildfire smoke plume products.](JAH3-9-e014125-g001){#jah34908-fig-0001}

We only included cases of OHCA of presumed cardiac or respiratory/asphyxia pathogenesis and people 19 years and older. We restricted the analysis to the primary wildfire months, May to October (5336 of the 12 548 OHCA cases). Cases with origins attributed to other causes, such as drowning, trauma, overdose, or electrocution, were excluded. The address of the OHCA event defined the location of the case. We assigned census tract SES indicators using 2017 poverty data from the US Census American Community Survey 5‐year estimates. We created a dichotomous variable of lower and higher SES using the federal definition of a poverty area; thus, census tracts with at least 20% of people living below the poverty level were indicated as lower SES.

Wildfire Smoke Data {#jah34908-sec-0012}
-------------------

Categorical estimates of smoke plume density were publicly available from the NOAA Office of Satellite and Product Operations' HMS Smoke Product. Data collected by the Geostationary Operational Environmental Satellites (GOES) and the Polar Operational Environmental Satellites (POES) are analyzed daily by algorithm and NOAA analysts, then published as shapefiles on the NOAA website.[40](#jah34908-bib-0040){ref-type="ref"} Plumes are detected using visual range of satellite images and assigned an estimated smoke‐originated PM~2.5~ density: light (0--10 μg/m^3^), medium (10.5--21.5 μg/m^3^), and heavy (\>22 μg/m^3^).[41](#jah34908-bib-0041){ref-type="ref"}

We used the geospatial function "intersect" to spatially assign daily HMS data from NOAA\'s archives with US Census Block Group Population Centers to obtain a daily maximum smoke plume density by block groups in California, using the Simple Features package in R software version 3.5.0 (R Foundation for Statistical Computing). The HMS smoke product is derived primarily from instruments aboard geostationary and polar orbiting satellites and provides a spatial resolution of 1 km. Exposures at the block group level were aggregated to corresponding census tracts and the maximum smoke density was used to describe exposure of OHCA cases within respective census tracts. Three records were excluded from the analysis as a result of missing both address and latitude/longitude coordinates.

Meteorological Data {#jah34908-sec-0013}
-------------------

Daily mean temperature and relative humidity were obtained from the University of Idaho Gridded Surface Meteorological Dataset (gridMET) on the Google Earth Engine Data Catalog. Daily temperature and humidity were averaged for each census tract from 4‐km grids using data from the National Land Data Assimilation System (NLDAS). We calculated daily heat index values for each census tract using the mean temperature and humidity values with the algorithm from Anderson et al.[42](#jah34908-bib-0042){ref-type="ref"}

Statistical Analysis {#jah34908-sec-0014}
--------------------

We examined the association between OHCA and wildfire smoke PM~2.5~ in a case‐crossover study design using conditional logistic regression models. A case‐crossover design, which is appropriate for investigation of acute events and has been used previously in wildfire studies, was selected to control for individual risk factors, such as age and sex, and control for day of the week.[43](#jah34908-bib-0043){ref-type="ref"}, [44](#jah34908-bib-0044){ref-type="ref"}

Wildfire smoke exposures were compared on case and noncase (control) days. Each OHCA case day was matched by day of the week with 4 control days at 1, 2, 3, and 4 weeks before the event.[44](#jah34908-bib-0044){ref-type="ref"} Odds ratios (ORs) were expressed relative to days with no exposure, eg, odds of case occurrence on heavy smoke days versus odds on days without smoke.

We selected control days close to the case date to reduce selection bias and variability in individual risk factors or temporal trends that may differ beyond a month.[44](#jah34908-bib-0044){ref-type="ref"}, [45](#jah34908-bib-0045){ref-type="ref"} Heat index was incorporated as a natural cubic spline with 2 degrees of freedom. Separate models were run for exposures on lag days 0 to 3. The exposure for lag day 0 is the smoke exposure density on the day of the OHCA event or control day, for lag day 1 is the density on the day before an OHCA event or control day, for lag day 2 it is the density 2 days before an OHCA event or control day, and for lag day 3 it is the density 3 days before an OHCA event or control day.

In secondary analyses by subgroup, we explored the effects by SES, sex, and age (19--34 years, 35--64 years, and ≥65 years) in stratified analyses. We conducted a post hoc 2‐sample *t* test for assessing statistically significant differences in ORs between lower and higher SES subgroups using point estimates and standard errors estimated for each group (see Data S1 for formula). We also conducted a sensitivity analysis restricted to OHCA cases of presumed cardiac pathogenesis. All analyses were conducted with SAS statistical software version 9.4 (SAS Institute Inc.). This research was approved by the Committee for the Protection of Human Subjects of the State of California Health and Human Services Agency (project number: 2018‐202). Informed consent was not required, as participants were not directly involved.

Results {#jah34908-sec-0015}
=======

Characteristics of the Study Population {#jah34908-sec-0016}
---------------------------------------

In 2015--2017, there were 5336 cases of OHCA occurring in wildfire months that met our inclusion criteria. Of these, 16.4% (877) were exposed to wildfire smoke. Descriptive statistics for sex, age group, SES group, and pathogenesis by exposure are shown in Table [1](#jah34908-tbl-0001){ref-type="table"}. Cases categorized as male, 65 years and older, reported in higher SES areas, and with presumed cardiac pathogenesis represented a greater proportion of the cases.

###### 

Sociodemographic Factors of Patients With OHCA, by Number and Percent Exposed to Wildfire Smoke, in 14 California Counties for May 2015 to October 2017

                         Total Patients   Exposed Patients         
  ---------------------- ---------------- ------------------ ----- ------
  Pathogenesis                                                     
  Presumed cardiac       4967             93.1               811   16.3
  Respiratory/asphyxia   369              6.9                66    17.9
  SES                                                              
  Lower SES              1017             19.1               188   18.5
  Higher SES             4319             80.9               689   16.0
  Sex                                                              
  Women                  1902             35.6               313   16.5
  Men                    3434             64.4               564   16.4
  Age, y                                                           
  19 to 34               205              3.8                36    17.6
  35 to 64               2057             38.5               358   17.4
  ≥65                    3074             57.6               483   15.7
  Total                  5336             100.0              877   16.4

OHCA indicates out‐of‐hospital cardiac arrest; SES, socioeconomic status.
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Wildfire Smoke Exposures {#jah34908-sec-0017}
------------------------

The number of days impacted by wildfire smoke increased each year in study counties (Figure [1](#jah34908-fig-0001){ref-type="fig"}). Heavy smoke days tended to be most frequent in July to September, although in 2017 the highest proportion occurred in October (Table [2](#jah34908-tbl-0002){ref-type="table"}). Heavy smoke frequency coincided roughly with the highest heat index values.

###### 

Percentage of Study Days by Month and Year in Census Tracts From 14 California Counties by Wildfire Smoke Density and Mean and Maximum Heat Index for May 2015 to October 2017

  Smoke Density             May    June   July   August   September   October   November
  ------------------------- ------ ------ ------ -------- ----------- --------- ----------
  2015                                                                          
  None, %                   92.0   94.0   95.3   74.7     80.4        95.6      99.9
  Light, %                  7.8    5.9    3.5    17.7     15.5        4.1       0.0
  Medium, %                 0.2    0.1    1.0    6.0      4.0         0.4       0.0
  Heavy, %                  0.0    0.0    0.2    1.5      0.1         0.0       0.0
  Heat index, mean, °F      58.0   66.7   68.4   70.2     69.7        66.8      51.6
  Heat index, maximum, °F   77.4   87.9   87.4   88.5     89.0        85.5      75.5
  2016                                                                          
  None, %                   99.9   96.1   84.0   53.1     58.9        99.9      100.0
  Light, %                  0.1    3.3    10.0   40.5     38.1        0.1       0.0
  Medium, %                 0.0    0.5    3.9    5.9      2.9         0.0       0.0
  Heavy, %                  0.0    0.1    2.1    0.6      0.1         0.0       0.0
  Heat index, mean, °F      61.1   66.2   66.7   66.1     65.6        61.2      55.9
  Heat index, maximum, °F   83.9   86.1   87.3   85.2     84.5        79.7      77.2
  2017                                                                          
  None, %                   99.9   99.9   87.6   46.3     61.7        73.8      100.0
  Light, %                  0.1    0.2    10.4   51.5     21.5        16.0      0.0
  Medium, %                 0.0    0.0    1.4    1.9      16.3        4.5       0.0
  Heavy, %                  0.0    0.0    0.6    0.3      0.5         5.7       0.0
  Heat index, mean, °F      61.4   66.4   68.8   69.2     68.9        62.4      55.6
  Heat index, maximum, °F   83.6   99.1   91.5   95.8     93.9        87.0      79.7
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Out‐of‐Hospital Cardiac Arrest {#jah34908-sec-0018}
------------------------------

Within the overall study population, ORs for OHCA were consistently elevated on days with heavy smoke and up to 3 days following exposure (Figure [2](#jah34908-fig-0002){ref-type="fig"}; Table [3](#jah34908-tbl-0003){ref-type="table"}). Associations between OHCA and heavy smoke exposure were significant at lag days 0, 2, and 3 (OR, 1.56 \[95% CI, 1.05--2.33\]; OR, 1.70 \[95% CI, 1.18--2.45\]; and OR, 1.48 \[95% CI, 1.02--2.13\], respectively). The association for lag day 1 was also elevated and consistent with the heavy smoke effect at other lag days but not statistically different from null (OR, 1.20; 95% CI, 0.80--1.79). Associations with light and medium densities of smoke appeared null or at times negative in the study population as a whole. In the sensitivity analysis restricted to cases of cardiac pathogenesis only, which excluded 7% of cases thought to have an underlying respiratory mechanism as the primary cause of arrest, effects persisted for heavy smoke at lag days 0 and 2 (OR, 1.52 \[95% CI, 1.00--2.31\] and OR, 1.66 \[95% CI, 1.14--2.43\], respectively) (Table [4](#jah34908-tbl-0004){ref-type="table"}).

![Odds ratios and 95% CIs for out‐of‐hospital cardiac arrest in 14 California counties, May 2015 to October 2017, by wildfire smoke exposure on lag days 0 to 3 for the whole study population and stratified by socioeconomic status (SES).](JAH3-9-e014125-g002){#jah34908-fig-0002}

###### 

OHCA and Wildfire Smoke in 14 California Counties for May 2015 to October 2017, Within the Whole Study Population and Stratified by SES for Patients With OHCA Who Had Presumed Cardiac or Respiratory/Asphyxia Pathogenesis

  SES          Smoke Density   Lag Day 0           Lag Day 1                                                   Lag Day 2           Lag Day 3                                                                                                                                                       
  ------------ --------------- ------------------- ----------------------------------------------------------- ------------------- ------------------- ----------------------------------------------------------- ----------------------------------------------------------- ------------------- -----------------------------------------------------------
  All SES      Heavy           34                  1.56 (1.05--2.33)[\*](#jah34908-note-0011){ref-type="fn"}   31                  1.20 (0.80--1.79)   41                                                          1.70 (1.18--2.45)[\*](#jah34908-note-0011){ref-type="fn"}   39                  1.48 (1.02--2.13)[\*](#jah34908-note-0011){ref-type="fn"}
  Medium       153             1.01 (0.83--1.22)   142                                                         0.97 (0.79--1.18)   134                 0.87 (0.71--1.06)                                           139                                                         0.88 (0.72--1.08)   
  Light        691             0.95 (0.86--1.05)   679                                                         0.92 (0.83--1.01)   687                 0.96 (0.87--1.06)                                           681                                                         0.93 (0.84--1.03)   
  Lower SES    Heavy           7                   1.47 (0.62--3.51)                                           5                   1.31 (0.48--3.58)   7                                                           2.25 (0.90--5.61)                                           7                   1.93 (0.79--4.73)
  Medium       34              1.14 (0.75--1.73)   36                                                          1.30 (0.87--1.95)   35                  1.30 (0.86--1.96)                                           39                                                          1.22 (0.81--1.83)   
  Light        148             1.04 (0.84--1.30)   140                                                         1.02 (0.81--1.27)   137                 1.03 (0.82--1.30)                                           136                                                         1.03 (0.82--1.29)   
  Higher SES   Heavy           27                  1.59 (1.02--2.49)[\*](#jah34908-note-0011){ref-type="fn"}   26                  1.17 (0.76--1.82)   34                                                          1.60 (1.07--2.40)[\*](#jah34908-note-0011){ref-type="fn"}   32                  1.40 (0.93--2.10)
  Medium       119             0.97 (0.78--1.21)   106                                                         0.89 (0.71--1.12)   99                  0.78 (0.61--0.98)[\*](#jah34908-note-0011){ref-type="fn"}   100                                                         0.80 (0.63--1.00)   
  Light        543             0.93 (0.83--1.04)   539                                                         0.89 (0.80--1.00)   550                 0.95 (0.85--1.06)                                           545                                                         0.91 (0.82--1.02)   

OHCA indicates out‐of‐hospital cardiac arrest; OR, odds ratio; SES, socioeconomic status.

Significant findings (α=0.05).
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###### 

OHCA and Wildfire Smoke in 14 California Counties for May 2015 to October 2017, Stratified by SES for Patients With OHCA Who Had Presumed Cardiac Pathogenesis Only

  SES          Smoke Density   Lag Day 0           Lag Day 1                                                   Lag Day 2           Lag Day 3                                                                                                                                                                                               
  ------------ --------------- ------------------- ----------------------------------------------------------- ------------------- ------------------- ----------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- -------------------
  All SES      Heavy           31                  1.52 (1.00--2.31)[\*](#jah34908-note-0011){ref-type="fn"}   29                  1.18 (0.78--1.79)   38                                                          1.66 (1.14--2.43)[\*](#jah34908-note-0011){ref-type="fn"}   35                                                          1.39 (0.95--2.05)
  Medium       136             0.95 (0.78--1.17)   134                                                         0.97 (0.79--1.20)   125                 0.87 (0.70--1.07)                                           123                                                         0.83 (0.67--1.02)                                           
  Light        644             0.94 (0.85--1.05)   626                                                         0.91 (0.82--1.00)   628                 0.94 (0.85--1.04)                                           629                                                         0.91 (0.82--1.01)                                           
  Lower SES    Heavy           6                   1.33 (0.53--3.36)                                           5                   1.31 (0.48--3.59)   7                                                           2.47 (0.98--6.24)                                           7                                                           1.94 (0.79--4.76)
  Medium       32              1.12 (0.73--1.72)   36                                                          1.30 (0.87--1.95)   33                  1.32 (0.86--2.03)                                           35                                                          1.18 (0.78--1.80)                                           
  Light        143             1.07 (0.86--1.34)   130                                                         0.98 (0.78--1.24)   127                 1.03 (0.82--1.30)                                           129                                                         1.03 (0.81--1.30)                                           
  Higher SES   Heavy           25                  1.58 (0.99--2.52)                                           24                  1.15 (0.73--1.82)   31                                                          1.53 (1.01--2.32)[\*](#jah34908-note-0011){ref-type="fn"}   28                                                          1.29 (0.84--1.98)
  Medium       104             0.91 (0.72--1.15)   98                                                          0.89 (0.70--1.13)   92                  0.77 (0.60--0.98)[\*](#jah34908-note-0011){ref-type="fn"}   88                                                          0.74 (0.58--0.95)[\*](#jah34908-note-0011){ref-type="fn"}   
  Light        501             0.91 (0.82--1.03)   496                                                         0.89 (0.79--1.00)   501                 0.92 (0.82--1.03)                                           500                                                         0.89 (0.79--1.00)                                           

OHCA indicates out‐of‐hospital cardiac arrest; OR, odds ratio; SES, socioeconomic status.

Significant findings (α=0.05).
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Socioeconomic Status {#jah34908-sec-0019}
--------------------

Risk of OHCA was elevated for both lower and higher SES groups with exposure to heavy smoke, with significant positive associations observed for higher SES cases with heavy smoke at lag days 0 and 2 (OR, 1.59 \[95% CI, 1.02--2.49\] and OR, 1.60 \[95% CI, 1.07--2.40\], respectively) (Figure [2](#jah34908-fig-0002){ref-type="fig"}; Table [3](#jah34908-tbl-0003){ref-type="table"}). In the lower SES group, ORs for heavy smoke were similar in magnitude but not statistically significant (lag day 0: OR, 1.47 \[95% CI, 0.62--3.51\] and lag day 2: OR, 2.25 \[95% CI, 0.90--5.61) (Figure [2](#jah34908-fig-0002){ref-type="fig"}). At light and medium smoke densities, the lower SES group had elevated but not significant ORs for nearly all lags, while the higher SES group had a consistent negative effect, which was statistically significant for medium smoke at lag day 2 (OR, 0.78; 95% CI, 0.61--0.98). Overall, although both SES groups had elevated risk with heavy smoke exposure, lower SES cases tended to have elevated effects at medium and possibly light smoke, while higher SES cases showed null results or deficits. However, a significant difference in effects between lower and higher SES was observed only for medium smoke at lag day 2. As these secondary analyses had overlapping CIs and small sample sizes, differences between these subgroups studied, ie, SES, sex, and age, are uncertain based on these data.

Sex {#jah34908-sec-0020}
---

Analysis by sex showed that both men and women experienced increases in OHCA under heavy smoke conditions (Figure [3](#jah34908-fig-0003){ref-type="fig"}; Table [5](#jah34908-tbl-0005){ref-type="table"}). Risk in women was highest with heavy smoke at lag day 0 (OR, 2.02; 95% CI, 1.10--3.70); and the highest OR in men occurred on lag day 2 with heavy smoke exposure (OR, 1.67; 95% CI, 1.08--2.59). Small cell sizes prevented further analysis by multiple strata.

![Odds ratios and 95% CIs for out‐of‐hospital cardiac arrest in 14 California counties, May 2015 to October 2017, by wildfire smoke exposure on lag days 0 to 3, stratified by sex.](JAH3-9-e014125-g003){#jah34908-fig-0003}

###### 

OHCA and Wildfire Smoke in 14 California Counties for May 2015 to October 2017, Stratified by Sex

  Sex      Smoke Density   Lag Day 0           Lag Day 1                                                   Lag Day 2           Lag Day 3                                                                                                                                                       
  -------- --------------- ------------------- ----------------------------------------------------------- ------------------- ------------------- ----------------------------------------------------------- ----------------------------------------------------------- ------------------- -----------------------------------------------------------
  Women    Heavy           16                  2.02 (1.10--3.70)[\*](#jah34908-note-0011){ref-type="fn"}   12                  1.62 (0.83--3.17)   12                                                          1.73 (0.88--3.41)                                           12                  1.29 (0.68--2.48)
  Medium   59              1.03 (0.76--1.42)   52                                                          0.85 (0.62--1.18)   58                  1.07 (0.78--1.47)                                           53                                                          0.90 (0.65--1.25)   
  Light    238             0.91 (0.77--1.07)   252                                                         0.92 (0.78--1.08)   254                 1.06 (0.90--1.26)                                           244                                                         0.96 (0.81--1.14)   
  Men      Heavy           18                  1.30 (0.76--2.21)                                           19                  1.04 (0.63--1.72)   29                                                          1.67 (1.08--2.59)[\*](#jah34908-note-0011){ref-type="fn"}   27                  1.57 (1.01--2.46)[\*](#jah34908-note-0011){ref-type="fn"}
  Medium   94              0.98 (0.77--1.26)   90                                                          1.05 (0.81--1.35)   76                  0.76 (0.58--0.99)[\*](#jah34908-note-0011){ref-type="fn"}   85                                                          0.87 (0.67--1.12)   
  Light    452             0.98 (0.87--1.11)   427                                                         0.91 (0.81--1.04)   432                 0.91 (0.80--1.03)                                           437                                                         0.91 (0.81--1.04)   

OHCA indicates out‐of‐hospital cardiac arrest; OR, odds ratio.

Significant findings (α=0.05).

John Wiley & Sons, Ltd

Age Group {#jah34908-sec-0021}
---------

Heavy smoke increased risk of OHCA across age groups at multiple lags, although the age group 19 to 34 years had an insufficient number of cases and is not displayed in the figures. The 35‐ to 64‐year age group experienced their highest risk at lag day 0 (OR, 1.91; 95% CI, 1.07--3.42) (Figure [4](#jah34908-fig-0004){ref-type="fig"}; Table [6](#jah34908-tbl-0006){ref-type="table"}). A delayed effect was suggested in the age group 65 years and older for heavy smoke, as the association with OHCA appeared stronger on later lag days (lag day 2: OR, 2.12 \[95% CI, 1.31--3.46\]; lag day 3: OR, 1.67 \[95% CI, 1.02--2.72). However, similar limitations to our subgroup comparisons apply to any interpretation based on comparing differences in timing (lags) and whether they reflect a biologically or behaviorally meaningful pattern.

![Odds ratios and 95% CIs for out‐of‐hospital cardiac arrest in 14 California counties, May 2015 to October 2017, by wildfire smoke exposure on lag days 0 to 3, stratified by age group. Younger adults aged 19 to 34 years are not shown because of low numbers.](JAH3-9-e014125-g004){#jah34908-fig-0004}

###### 

OHCA and Wildfire Smoke in 14 California Counties for May 2015 to October 2017, Stratified by Age Group

  Age, y     Smoke Density   Lag Day 0           Lag Day 1                                                  Lag Day 2           Lag Day 3                                                                                                              
  ---------- --------------- ------------------- ---------------------------------------------------------- ------------------- ------------------- ------------------- ---------------------------------------------------------- ------------------- ----------------------------------------------------------
  19 to 34   Heavy           \<5                 3.19 (0.20--52.07)                                         0                   ...                 0                   ...                                                        0                   ...
  Medium     7               0.97 (0.40--2.38)   5                                                          0.46 (0.16--1.30)   \<5                 0.38 (0.11--1.34)   \<5                                                        0.28 (0.06--1.24)   
  Light      28              0.93 (0.57--1.51)   26                                                         0.87 (0.53--1.43)   28                  0.81 (0.50--1.32)   29                                                         0.99 (0.61--1.61)   
  35 to 64   Heavy           17                  1.91 (1.07--3.42)[a](#jah34908-note-0011){ref-type="fn"}   15                  1.33 (0.74--2.39)   16                  1.47 (0.83--2.61)                                          16                  1.52 (0.85--2.70)
  Medium     52              0.94 (0.68--1.29)   59                                                         1.12 (0.82--1.53)   62                  1.06 (0.78--1.44)   60                                                         1.04 (0.76--1.41)   
  Light      289             1.04 (0.89--1.22)   262                                                        0.91 (0.78--1.07)   269                 0.99 (0.84--1.16)   270                                                        0.97 (0.83--1.14)   
  ≥65        Heavy           16                  1.28 (0.72--2.25)                                          16                  1.22 (0.70--2.14)   25                  2.12 (1.31--3.46)[a](#jah34908-note-0011){ref-type="fn"}   23                  1.67 (1.02--2.72)[a](#jah34908-note-0011){ref-type="fn"}
  Medium     94              1.05 (0.82--1.35)   78                                                         0.92 (0.71--1.20)   69                  0.78 (0.59--1.03)   76                                                         0.83 (0.63--1.08)   
  Light      373             0.89 (0.78--1.02)   391                                                        0.92 (0.81--1.05)   389                 0.95 (0.84--1.09)   382                                                        0.90 (0.79--1.03)   

OHCA indicates out‐of‐hospital cardiac arrest; OR, odds ratio.

Significant findings (α=0.05).

John Wiley & Sons, Ltd

Discussion {#jah34908-sec-0022}
==========

Investigation of wildfire smoke exposure and OHCA in the diverse California population across varying geographies has provided additional evidence for an association between wildfire smoke and clinically important cardiovascular outcomes. In our analysis of 14 wildfire‐impacted California counties in 2015--2017, we observed a significant increase in OHCA with exposure to heavy density of wildfire smoke. This increased risk persisted for several days after exposure, and consistent associations were present across study population subgroups. Because the majority of patients with OHCA do not survive to hospital admission, this surveillance data enabled us to capture effects for cases that would not have been included in previous wildfire studies examining cardiovascular outcomes based on hospital admissions or emergency department visits.[7](#jah34908-bib-0007){ref-type="ref"}, [30](#jah34908-bib-0030){ref-type="ref"}, [46](#jah34908-bib-0046){ref-type="ref"}, [47](#jah34908-bib-0047){ref-type="ref"}

Although the pathophysiological mechanisms linking wildfire smoke exposure specifically to OHCA have not been studied, much is known about the mechanisms relating particle air pollution to cardiovascular outcomes, such as acute ischemia, myocardial infarction, heart failure, thromboembolism, and arrhythmia, conditions known to place an individual at risk for sudden death.[48](#jah34908-bib-0048){ref-type="ref"} This body of knowledge recognizes multiple pathways by which wildfire smoke can disrupt the cardiovascular system.

PM deposits in pulmonary airways and alveoli, prompting imbalances in the autonomic nervous system, inflammation, and oxidative stress. The primary initiating pathways stem from oxidative stress and direct translocation of PM from the lung to the circulation. Secondary pathways have been described that include effects on vascular function, activation of central nervous system pathways, activation of prothrombotic pathways, activation of the hypothalamic and pituitary‐adrenal axis, systemic inflammatory pathways, and epigenetic changes.[49](#jah34908-bib-0049){ref-type="ref"} Figure [5](#jah34908-fig-0005){ref-type="fig"} shows a conceptual model of proposed adverse outcome pathways that transduce wildfire smoke exposure to clinically relevant cardiovascular outcomes including OHCA based on what is known about airborne PM.[48](#jah34908-bib-0048){ref-type="ref"} Such a conceptual model is important for developing research to investigate mechanisms triggering cardiovascular events including out‐of‐hospital cardiac death.

![Biochemical and physiological responses to inhaled particulate matter: linking inhalation of wildfire smoke to out‐of‐hospital cardiac arrest. Inhaled ambient air particles deposit in airways and alveoli activating the transient receptor potential (TRP) channels receptors and modulating autonomic control of the heart rhythm and affecting vascular function. Pulmonary macrophages and epithelium produce proinflammatory cytokines and chemokines and contribute to systemic oxidative stress and inflammation mediating responses in adipose tissue and the liver (C‐reactive protein, fibrinogen). These responses are associated with vascular effects, insulin resistance, lipoprotein modification, increased coagulation, and decreased fibrinolysis. Ultrafine particulate matter (PM) and soluble components of PM translocate to systemic circulation. Direct translocation to the central nervous system (CNS) through the nose and olfactory bulb has also been postulated. The biological and physiological responses appear to accelerate atherosclerosis and contribute to plaque vulnerability over the long‐term and thrombosis in the short‐term. Short‐term clinical responses to ambient air particle pollution include myocardial infarction, stroke, pulmonary embolism, heart failure, and arrhythmia (these apical end points are also documented in response to wildfire smoke in[30](#jah34908-bib-0030){ref-type="ref"}) ANS indicates autonomic nervous system; BP, blood pressure; DVT, deep venous thrombosis; HPA, hypothalamic and pituitary adrenal; HR, heart rate; PAI‐1, plasminogen activator inhibitor‐1; PE, pulmonary embolism; ROS, reactive oxygen species; UFPM, ultrafine particulate matter. Adapted from.[50](#jah34908-bib-0050){ref-type="ref"}](JAH3-9-e014125-g005){#jah34908-fig-0005}

In addition to underlying cardiovascular disease, conditions such as aging, obesity, and diabetes mellitus are important biologic modifiers of cardiac electrophysiology that might influence the mechanistic relationship between PM and cardiac arrest. A variety of chronic respiratory conditions, such as asthma, chronic obstructive pulmonary disease, pulmonary fibrosis, and pulmonary hypertension, if severe, might also place individuals at risk for sudden cardiac death.

Our results are consistent with the few other studies that examined wildfire smoke and OHCA. Although the Singapore OHCA study used a multipollutant exposure metric not directly comparable with our study,[37](#jah34908-bib-0037){ref-type="ref"}, [38](#jah34908-bib-0038){ref-type="ref"} they observed increased risk at moderate and unhealthy exposure levels.[27](#jah34908-bib-0027){ref-type="ref"} The OHCA registry used in the 2 Australian studies had broader inclusion criteria than CARES, allowing cases in which resuscitation was not attempted by EMS.[35](#jah34908-bib-0035){ref-type="ref"}, [36](#jah34908-bib-0036){ref-type="ref"}, [51](#jah34908-bib-0051){ref-type="ref"} One of these analyses examined hourly exposure levels and cumulative lag effects, showing the strongest effect across 24 to 48 hours, similar to our finding of the strongest effect for heavy smoke with a lag effect of daily averaged exposure.[35](#jah34908-bib-0035){ref-type="ref"}

Precipitating conditions to OHCA such as ischemic heart disease and cardiac arrhythmia have also been examined for associations with wildfire smoke, but while some recent studies have found positive associations,[29](#jah34908-bib-0029){ref-type="ref"}, [30](#jah34908-bib-0030){ref-type="ref"}, [36](#jah34908-bib-0036){ref-type="ref"}, [52](#jah34908-bib-0052){ref-type="ref"} other studies have null or even negative findings.[47](#jah34908-bib-0047){ref-type="ref"}, [52](#jah34908-bib-0052){ref-type="ref"}, [53](#jah34908-bib-0053){ref-type="ref"}, [54](#jah34908-bib-0054){ref-type="ref"}, [55](#jah34908-bib-0055){ref-type="ref"}, [56](#jah34908-bib-0056){ref-type="ref"} However, in a previous analysis, we found significant increases in emergency department visits for arrhythmia, among others, with the greatest effect among adults 65 years and older exposed to dense smoke.[30](#jah34908-bib-0030){ref-type="ref"} Possibly because of the high fatality rate with OHCA, wildfire studies reporting OHCA or mortality have tended to result in more consistent associations; significant positive associations were seen in 8 of 13 all‐cause or cardiovascular mortality analyses in Reid\'s critical review.[25](#jah34908-bib-0025){ref-type="ref"} This may reflect in a situation in which acute cardiovascular events are not always captured in hospital or emergency department studies.

Our study and other studies have shown deficits in cardiovascular events, and while we do not hypothesize a true physiologically protective effect, further exploration is warranted to investigate potential reasons.[47](#jah34908-bib-0047){ref-type="ref"}, [52](#jah34908-bib-0052){ref-type="ref"}, [57](#jah34908-bib-0057){ref-type="ref"} Johnston and colleagues[52](#jah34908-bib-0052){ref-type="ref"} noted deficits for cardiac arrhythmia, positing that this effect may be caused by an offsetting increase in cardiac arrests occurring outside a hospital setting, thereby decreasing the hospital presentations.

Competing risks may also play an important role in a lack of association or deficit for cardiovascular outcomes. Given the substantial prevalence of comorbidity in people with both cardiovascular and respiratory conditions in the population,[58](#jah34908-bib-0058){ref-type="ref"} it may be possible that people with both types of conditions may first develop a respiratory problem and seek emergency care or be hospitalized for this condition, and thus be prevented from developing an adverse cardiovascular event during a wildfire exposure period. DeFlorio‐Barker et al[26](#jah34908-bib-0026){ref-type="ref"} similarly suggested that acute respiratory effects of PM may reduce the risk pool for cardiovascular events in their analysis of cardiopulmonary hospitalizations for older adults.

Our study findings are consistent with previous research on the importance of SES vulnerability factors in wildfire impacts.[59](#jah34908-bib-0059){ref-type="ref"} Besides external factors such as exposure or adaptive capacity, lower SES populations may have a greater prevalence of underlying health conditions that would increase their risk of adverse health outcomes during wildfires. Rappold et al[60](#jah34908-bib-0060){ref-type="ref"} found that SES factors strongly influenced the wildfire smoke effect on congestive heart failure. A study of respiratory effects from a northern California wildfire also found the highest impact in low‐income zip codes.[47](#jah34908-bib-0047){ref-type="ref"} In Australia, Johnston and colleagues[57](#jah34908-bib-0057){ref-type="ref"} observed a deficit in cardiovascular hospital admissions for the nonindigenous population yet a consistent increase among the more vulnerable indigenous population.

In addition to the increased vulnerability in lower SES communities, several possible protective behaviors could be considered that may be more relevant to higher SES individuals, as a result of their greater capacity to make adaptive changes through behavioral modification: (1) individuals in the high‐risk group, eg, with preexisting cardiopulmonary conditions, may leave the area during the fires; (2) at the advent of fires, at‐risk individuals may act to decrease exposure by some combination of staying indoors, using portable air filters, and/or using N95 respirators; and (3) the at‐risk group may modify activities to avoid exertion, thereby averting the biological processes that could trigger cardiac arrest. In addition to behavioral modifications that may reduce risk, higher SES individuals may also live in homes with air‐conditioning and better air filtration.

Few studies have investigated differences in wildfire smoke effects for cardiovascular health outcomes by sex, with mixed results.[29](#jah34908-bib-0029){ref-type="ref"}, [61](#jah34908-bib-0061){ref-type="ref"} Two Australian OHCA studies found that men were more affected than women and suggested this may be attributable to sex differences in biologic susceptibility to cardiac arrest.[35](#jah34908-bib-0035){ref-type="ref"}, [36](#jah34908-bib-0036){ref-type="ref"} Women\'s cardiovascular risk may also be shaped by their levels of risk awareness for cardiovascular conditions, which remains low despite advances in research,[31](#jah34908-bib-0031){ref-type="ref"} and they may therefore be less likely to take preventive measures.[62](#jah34908-bib-0062){ref-type="ref"}

Aging can also modify the risk of underlying cardiovascular conditions, and the population of patients older than 65 years would be expected to have higher baseline risk. Not surprisingly, a number of studies have found stronger associations between wildfire smoke exposure and cardiovascular health effects in adults 65 or older.[11](#jah34908-bib-0011){ref-type="ref"}, [30](#jah34908-bib-0030){ref-type="ref"}, [36](#jah34908-bib-0036){ref-type="ref"} However, we also observed elevated effects for adults aged 35 to 64 years. Similar to women, our finding that younger as well as older adults experienced elevated risk may relate to lower awareness of their potential risk, causing them to continue activities involving exertion and exposure during wildfire smoke episodes. This middle‐aged adult population is of particular concern for public health officials, characterized by CDC and Centers for Medicare and Medicaid Services (CMS) as a priority population because of increasing risk for adverse cardiovascular outcomes.[63](#jah34908-bib-0063){ref-type="ref"} OHCA among the younger population is likely related to uncommon congenital or familial conditions and comprises a small proportion of OHCA, limiting our ability to detect effects.[34](#jah34908-bib-0034){ref-type="ref"}

Study Limitations {#jah34908-sec-0023}
=================

There are limitations within this study. Because the CARES registry includes only patients with OHCA for which EMS provided treatment, and not EMS‐assessed patients who were dead on EMS arrival or presented with a do‐not‐resuscitate directive, our results may not be generalizable to all cases of OHCA. If case status (dead/alive) at the time of arrival is dependent on wildfire smoke exposure, our results would likely underestimate the overall risk. Our interpretation of findings assumed that probability of EMS treatment on arrival does not depend on smoke exposure, but rather is influenced by factors such as comorbidities, arrest witness status, and local EMS protocols. Considering that smoke, unlike fire, does not impact timing and delivery of EMS service, this may be a reasonable assumption to make, although difficult to verify. Also, classification of cardiac versus respiratory pathogenesis may be inaccurate, as it is largely provided by field EMS assessments and occasional bystander reports. Finally, although we considered the entire population of OHCA cases in this analysis, our sample size is limited, therefore we advise caution in interpreting results and recommend that our findings be viewed in the context of other evidence reported in the literature.

Our secondary analyses of subgroups should similarly be viewed with caution in light of the relatively small sample size in our study to detect statistically robust differences. Further investigation with a large, diverse sample would be desirable to understand potential differences and reasons for these differences by SES, age, and sex.

Exposure misclassification may also impact this study because we cannot presume that the place of exposure is consistent across lag days. However, smoke exposure is typically spatially widespread on any given day, and the majority of OHCA cases in the United States, ≈66%, are reported to occur at private residences.[33](#jah34908-bib-0033){ref-type="ref"}

Our exposure is classified based on satellite images of smoke plumes. While satellite imagery is good at depicting spatial and temporal domain of exposure and contrasts between high and low exposure days, it does not capture smoke concentrations at ground level, which monitoring data would provide. However, the lack of comprehensive placement of stationary monitors presents other shortcomings, requiring further calculations to estimate concentrations for much of California. The validity of satellite‐derived HMS plumes is supported by recent studies correlating elevated PM~2.5~ concentrations measured by ground monitors with the presence and density of HMS plumes.[64](#jah34908-bib-0064){ref-type="ref"}, [65](#jah34908-bib-0065){ref-type="ref"} To investigate this issue further, we compared HMS smoke plumes during 2016--2017 with daily averages of hourly PM~2.5~ measurements from monitors in California, which are part of the US Environmental Protection Agency\'s (EPA\'s) air quality system.[66](#jah34908-bib-0066){ref-type="ref"} We found that average PM~2.5~ concentrations at monitor locations increased in correspondence with HMS smoke plume density category: no smoke: 9.6 μg/m^3^; light smoke: 12.6 μg/m^3^; medium smoke: 18.2 μg/m^3^; heavy smoke: 26.1 μg/m^3^; and all differences between categories were significant at a 95% level. Our categorical exposure metric does not allow for examination of a potential dose response function at higher concentrations. Wildfire‐derived PM~2.5~ has been monitored in ranges exceeding the 100s, even reaching the 1000s μg/m^3^.[9](#jah34908-bib-0009){ref-type="ref"}, [10](#jah34908-bib-0010){ref-type="ref"} Effects we noted for heavy smoke may have been dependent on higher concentrations.

Mega‐wildfires, which can produce high concentrations of PM, are increasingly arising from extended drought and extreme weather events combined with accumulated biomass. Climate models predict weather conditions that signal a future in which severe wildfires and their emissions will continue to impact both rural and heavily populated urban areas for generations to come. In addition to climate‐driven increases, health effects from wildfire emissions will also be intensified by demographics of the aging American population, the increasingly large proportion of the population living in the wildland‐urban interface, and the rising prevalence of comorbid conditions, not only cardiopulmonary but conditions such as obesity and diabetes mellitus.

Historically in the United States, the ambient particle air pollution has been curtailed through implementation of the Clean Air Act and associated policies, which have primarily addressed emissions from power plants, vehicles, and industry. Despite renewed attention on best practices for forest management, the options to curb wildfire emissions are limited. Because of this, personal interventions to decrease exposure to smoke assume greater importance in the efforts to protect those at greatest risk, patients with cardiopulmonary disease, namely ischemic heart disease, heart failure, cerebrovascular disease, arrhythmia, chronic obstructive pulmonary disease, and asthma. Engineering interventions might include creating cleaner air spaces in homes, work places, and public buildings through improved heating, ventilating, and air‐conditioning air ventilation systems. Models of the health benefit of portable high‐efficiency particulate air filtration in homes of older adults at higher risk for adverse health effects from wildfire smoke exposure suggest that such an intervention would be cost‐effective.[67](#jah34908-bib-0067){ref-type="ref"} The need for empirically proven interventions to provide better guidance to the public at risk has been raised by multiple agencies including the National Heart, Lung, and Blood Institute; National Institutes of Environmental Health Sciences; CDC; CMS; and the US EPA.[68](#jah34908-bib-0068){ref-type="ref"}

The principal finding of our study showing the temporal association between wildfire smoke exposure and OHCA provides direct evidence of cardiovascular clinical events. An expert panel convened by the American Heart Association and others recommends advising patients with cardiovascular disease about the risks from air pollution.[50](#jah34908-bib-0050){ref-type="ref"} The US EPA offers continuing education for healthcare providers on particle air pollution at <https://www.epa.gov/pmcourse/continuing-education-particle-pollution-course>.

Conclusions {#jah34908-sec-0024}
===========

Further research should investigate ways to enhance the public\'s adaptive capacity to increasingly frequent and widespread wildfire smoke conditions. Addressing disparities in vulnerabilities and protective capacity is critical to mounting an effective wildfire smoke response, as low SES appears to be a factor that intensifies the health burden. Studies to assess the thresholds for health effects, as well as the mechanisms of action and physiological processes that culminate in a cardiovascular outcome, can be used to develop more targeted wildfire smoke advisories. The future trajectory of wildfire along with the increasing vulnerability of our population highlights the far‐reaching nature of the threat to Californians and others worldwide and underscores the importance of formulating strategies to protect those most vulnerable.
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